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ABSTRACT 
In the ALPS system (Advanced Liquid Propulsion System) the pro- 
pellant tank is pressurized with gases generated by the decomposition 
of hydrazine in the gas generator. The function of the generant con- 
troller is to meter the flow of hydrazine to the gas generator so that 
constant pressure is maintained in the propellant tank during all firing 
periods regardless of variations in the rates at which propellants flow 
out of the tank. 
The generant controller is essentially a remote-sensing, single-stage, 
spring-loaded regulator. Four controller versions were built and tested. 
Controller 4 incorporates the best features of the preceding three 
controllers. Results of water tests that simulate expected operating 
conditions are recorded. 
Special features of these controllers, such as the diaphragm backup 
ring and the Belleville spring package which were developed as a 
result of this study, are discussed. The suitability of these special fea- 
tures for scalability and for other components is pointed out. 
An Appendix is included which describes the function of the gen- 
erant controller in the ALPS system and in the Mariner '66 system. \ 
1. INTRODUCTION 
In the ALPS system, the propellant tank is pressurized 
with gases generated by decomposition of hydrazine in a 
gas generator (see Appendix). The purpose of the generant 
controller is to meter the flow of hydrazine to the gas 
generator so that constant pressure is maintained in the 
propellant tank during all firing periods regardless of 
whatever variation may occur in the rates at which the 
propellants flow out of the tank. 
I I .  CONTROLLER FUNCTION 
The ALPS generant controller is essentially a remote- 
sensing, single-stage, spring-loaded regulator. Each of the 
four controllers (designated as 1, 2, 3, and 4) covered in 
this report consists of three basic parts: a valve through 
which the generant flows, a pressure-sensing piston, and 
a spring assembly. Flow through the controller is varied 
1 
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by changing the annular gap between the knife edge and 
the seat in controllers 1,2, and 3, and by changing the gap 
between a movable ball and a fixed circular seat in con- 
troller 4. Regulation of the flow is accomplished by the 
opposition of a preset reference force exerted by the spring 
assembly and the force exerted by the sensing pressure 
on the piston. The net difference between the two forces 
tends to open or close the flow gap from the equilibrium 
position. In other words, when the sensed pressure is low, 
the pressure force is less than the spring force, so the 
valve seat is opened; when the pressure force is high, it 
overcomes the spring force, so the valve seat is closed. 
Delivered outlet pressure from the controller is not a 
significant design parameter in the ALPS application; 
since the controller is designed to be insensitive to it. 
Rather, propellant tank pressure, which the controller 
senses and to which it responds, should be maintained by 
the controller within very narrow limits. 
111. CONTROLLER REQUIREMENTS 
Flow. The current design is sized for a nominal generant 
flow rate of 0.1384 lb/sec at a pressure drop across the 
controller of 75 psi or less. The controller must be able to 
operate precisely and stably over a flow rate range of 20:l. 
Pressure. Generant controller inlet and outlet pressure 
varies from a maximum of 1500 psi down to a minimum of 
500 psi or less because of the “blowdown” principle used 
in the generant feed circuit (see the Appendix for a 
description of the blowdown principle). Sensing port or 
regulated pressure is to be set somewhere between 200 
and 300 psi; whatever preset pressure is chosen, however, 
should be maintained by the controller within very narrow 
limits. 
is raised from ambient to 300”F, held for 24 hours at that 
level, and lowered back to ambient, must be survived 
without damage or change in performance. I t  appeared 
that an all-metal design, such as versions 3 and 4 (Figs. 1 
and 2), would be most likely to withstand these environ- 
mental conditions. 
Lubrication. A thin film of Apiezon L grease is applied 
to the diaphragms and aluminum gaskets to facilitate 
retention during assembly and to assist in obtaining a 
leak-tight seal. External parts such as sliding fits, support 
annuli for backup rings and Belleville springs, bolt threads, 
etc. are lightly lubricated with Apiezon L either alone or 
mixed with Molykote Z. Apiezon L grease is compatible 
with and insoluble in hydrazine. 
Leakage. External leakage of 300-psi nitrogen gas from 
the sensing mechanism must be kept below 10 cm3/year 
(stp). External leakage of 1500-psi hydrazine from the 
liquid-containing part of the controller must be kept below 
1 cm3/year. 
For flight, the grease could be omitted since toggle 
motion has replaced journal friction in controllers 2,3,  and 
4, which therefore could be operated dry. Dry lube could 
be baked onto controller 1 at points of sliding contact. 
Seat leakage over the range of 0- to 1500-psi hydrazine 
shall not exceed 0.1 cmg/hour. 
Environment. The generant controller must perform 
reliably after storage periods of up to 1 year in a space- 
craft environment. This means that the exterior of the 
controller has to be immune to high vacuum and radiation 
while the interior must be compatible with hydrazine for 
service and water for testing. Operating temperature of 
the ALPS system is 70230°F so no severe temperature 
cycling problems will be faced unless the controller is 
used in a system which must be heat-sterilized. If sterili- 
zation is necessary, three cycles in which the temperature 
Material Compatibility. Internally, the controller must 
be compatible with hydrazine and water. Externally, the 
controller must withstand the effects of hydrazine, water, 
and salt (NaCI) spray. 
All three ports (inlet, outlet, and sensing) are in contact 
with the propellant (hydrazine). 
Materials. The controllers are essentially of all-metal 
construction, although rubber discs to back up  the dia- 
phragms were used in the earlier controllers 1 and 2 
(Figs. 3 and 4). 
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I- SPRING ADJUSTMENT 
SCREW \ 
'1 
SPRING ASSEMBLY 
PIVOT BALLS 
SUSPENSION RING 
(INTEGRAL WITH 
HOUSING) 
SUSPENSION RING 
(INTEGRAL WITH 
I 
[p,NTLE /SENSING PRESSURE 
Fig. 1 .  Generant controller 3 cross section 
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SENSING DIAPHRAGM 
AND PISTON 
SENSING PRESSURE 
B4CKUP R I N G 7  
Fig. 2. Generant controller 4 cross section 
(ball pushed off seat) 
Bolts are constructed of A-286 stainless steel or alumi- 
num alloy and are retained by Ny-Lok inserts or by 
drilling the heads for lock wire. 
Parts requiring high strength or hardness are machined 
from 17-4 PH or 17-7 PH CRES (corrosion-resistant steel) 
and heat-treated. Hard anodize was applied to some ex- 
ternal parts of controller 1. Internal aluminum parts are 
left unanodized because hydrazine dissolves the alumi- 
num oxide finish. 
Aluminum parts in contact with hydrazine are made 
of 6061-T6 alloy. Gaskets iire made of 1100-0 aluminum 
sheets. 
4 
‘I 
J 
Fig. 3. Generant controller 1 cross section 
Diaphragms are constructed of 1100-0 aluminum or 
300 series CRES. 
Backup rings and external structural parts are ma- 
chined from 7075-T6 aluminum alloy. 
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PINTLE KNIFE EDGE 
A S S E M B L Y 1  , t ST 
OUTLET 
BELLEVILLE 
SPRING 
PACKAGE W&/- 
SENSING 
PRESSURE 
DIAPHRAGM 1 INLET 
Fig. 4. Generant controller 2 cross section 
!V. CONTROLLER 1 
A. Description* 
Figure 5 is an external view of controller 1. Figure 6 
shows the parts and Fig. 3 is a cross-sectional drawing 
of controller 1. 
The knife edge seat and the sensing port diaphragm- 
sealed piston arrangement are similar to those utilized 
in previous back pressure valve designs. For the gen- 
erant controller application, a floating liuffer plate of 
soft aluminum was added to engage the knife edge seat 
at shutoff, and a rubber ring was added between the 
diaphragm and the concentric reciprocating parts which 
the diaphragm seals. 
The diaphragm-sealed sensing port piston is opposed 
b y  the spring. The spring cap is piloted on the housing 
bocl!~ and is joined to the sensing piston by three com- 
*The general operation common to all four generant controllers is 
drscd)ed in Section 11. Table 1 gi\.es dra\ving numbers, seat diani- 
eters and materials, etc., for each controller. 
pression columns which are slip fits in  the housing body. 
The sensing piston, columns, and spring cap form a rigid 
reciprocating yoke. A floating stemmcd piston, axially 
0 I 2 3 
INCHES 
Fig. 5. Generant controller 1 
. 
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0 
1 
16 
c 
Fig. 6. Generant controller 1 exploded view 
aligned with the seat, is flush with the face of the sensing 
piston and extends to the aluminum diaphragm that seals 
the internal seat cavity. The stemmed piston and the 
sensing piston move together as sensing pressure forces 
the yoke toward the seat knife edge until the stem pushes 
the buffer plate onto the knife edge to shut off flow. At 
shutoff, the stemmed piston has reached the limit of its 
Generant 
controller 
designation 
JPL 
drawing 
No. 
D 91 1 6051 
J 911 6170 
J 911 6173 
J 911 6609 
and Sketch 
No 
65 X 03 
300 
downward travel, but the sensing piston can continue 
downward independently until equilibrium with the 
spring is reached. Thus the maximum closure force that 
can be transmitted to the knife edge is the product of 
the area of the OD of the stemmed piston and the unit 
sensing pressure. This dual piston arrangement prevents 
damage to the knife edge by limiting the closing force. 
The buffer plate is keyed against rotation and contacts 
a peripheral rim just prior to flexing onto the knife edge. 
This assures proper alignment during seating. 
A rubber ring is placed over the sensing piston and 
stemmed piston to cover the annular joints. Both pistons 
are recessed to receive the rubber ring so that the clamped 
sealing diaphragm will be flat. During yoke movement, 
the rubber backup ring smoothes out the abrupt annular 
level changes of the pistons which results in much greater 
diaphragm life because of the increased radius of dia- 
phragm curvature. 
In like manner, the internal seat cavity diaphragm is 
rubber-backed to extend diaphragm life. The diaphragm 
transmits the closing force and separates the stemmed 
piston from the buffer plate. 
This controller has an inherent unbalance because of 
the 0.130-in.-diam set area, which amounts to about 
5-psi variation in sensing pressure when either the inlet 
or outlet pressure varies 1000 psi. In addition, the sensing 
Table 1. Physical comparison of generant controllers 
Sensing port 
effective 
diaphragm 
diarn, in. 
2.00 
1 S O  
2.00 
2.00 
Weight, 
Ib 
2.90 
1.90 
2.70 
2.90 
Type of 
reference 
force 
spring 
1 helical 
compression 
1 Belleville 
unit 
3 helical 
compressions 
2 Belleville 
units 
Spring 
force 
range, 
Ib 
620-942 
354-5 3 0 
620-942 
6 2 0-942 
Knife edge 
seat diarn, 
in. 
0.13 
1.50 
2.00 
0.250 
Knife edge 
material 
606 1 -T6 
aluminum 
alloy 
17-7 PH 
stainless 
steel 
17-7 PH 
stainless 
steel 
(ball) 
3h in. 
ceramic 
Seat 
material 
1 100-0 
aluminum 
606 1 -T6 
aluminum 
alloy, 
gold-plated 
606 1 -16 
aluminum 
alloy, 
gold-plated 
17-4 PH 
stainless 
steel 
. 
6 
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Flow rate, 
NOTE: 
( 1 )  LOCKUP RUN: 
VALVE F OPEN. 
START AND STOP 
RUN WITH VALVE G 
(2) NONLOCKUP RUN: 
VALVE G OPEN. 
START AND STOP 
RUN WITH VALVE F 
(3) ALL LINES 1/4 UNLESS 
NOTED 
Sensing pressure, psi 
2000 psi 600 psi 
Controller 
1 
271 
263 
256 
254 
25 1 
GAGE 0 GAGE C 
1500/300 psi 
GAGE A H20 SUPPLY 
METER 
BALL VALVE G 
Controller Controller Controller 
2 3 4 
- - - 
- 265 265 
300 257 256 
290 253 255 
236 250 255 
TO X - Y  PLOTTER 
(1500 psi) 
RETURN TO SUMP 
VALVE E 
Fig. 7. Generant controller test setup for fixed flow rate and blowdown runs 
0.01 increasing 
0.03 
0.06 
0.10 
0.15 
0.10 decreasing 
0.06 
0.03 
0.01 
Total psi 
deviation 
from nominol 
255-psi 
sensing 
pressure 
pressure can vary about 3 psi due to spring rate during 
the 0.014-in. nominal seat travel. Under ideal conditions 
these two pressures tend to partially cancel each other. 
All rubbing surfaces are hard-anodized, however such fric- 
tion as is present does have an effect on sensing pressure. 
255 25 1 256 265 
252 236 250 250 
253 229 245 250 
25 1 225 239 256 
249 220 229 260 
254 231 239 260 
256 233 245 264 
253 230 250 267 
257 240 256 267 
$ 2  - 4  + 1  t 1  
- 6  - 35 - 26 + 1 2  
Table 2. Comparative controller regulation at 500-psi 
inlet pressure and variable flow rates 
254 
261 
263 
2 75 
Sensing pressure, psi Flow rate, 
291 253 266 
255 266 
- 260 250 
- 204 - 
- 
Ib/sec of 
B. Performance 
The controller was tested in the setup shown sche- 
matically in Fig. 7. The results of these tests are recorded 
in Tables 2-7. An explanation of the tables and comments 
on the controller characteristics are included in Section 
VIII. 
Table 3. Comparative controller regulation at 1500-psi 
inlet pressure and variable flow rates 
lb/sec of 
Hz0 
0.01 increasing 
0.03 
0.06 
0.10 
0.15 
0.10 decreasing 
0.06 
0.03 
0.01 
Total psi 
deviation from 
nominal 255- 
psi sensing 
pressure 
Note: These tesis were performed using ihe  test setup shown in Fig. 7. 
7 
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~ 
Additional psi 
pressure drop 
AP introduced 
at “out” port 
45 
445 
1145 
Total psi 
deviation 
from the 
nominal 255- 
psi sensing 
pressure 
Table 4. Effect of induced downstream AP on 
regulation at 500-psi inlet pressure at 
0.15 Ib/sec flow of H,O 
Sensing pressure, psi 
’ 
Controller Controller Controller Controller 
1 2 3* 4 
252 241 256 
259 230 257 
246 205 253 
-3  -14 f l  
- 6  - 25 +2 
-9 - 50 -2 
Table 6. Effect of induced downstream AP on 
regulation at 1500-psi inlet pressure at 
0.15 Ib/sec flow of H,O 
Additional psi 
pressure drop 
AP introduced 
at  “out” port 
Sensing pressure, psi 
Controller Controller Controller Controller 
1 2 3 4 
45 
145 
Total psi 
deviation 
from 255- 
psi nominal 
sensing 
pressure 
Note: These tests were performed using the test setup shown in Fig. 7. 
237 218 227 258 
233 210 216 254 
-18 -37  - 28 f 3  
- 22 -45 -39 -1 
Table 5. Effect of induced downstream AP on 
regulation at 500-psi inlet pressure at 
0.03 Ib/sec flow of H,O. Additional psi 
pressure drop 
~p introduced 
at  “out” port 
45 
445 
1145 
Sensing pressure, psi 
Controller Controller Controller Controller 
1 2 3* 4 
263 300 - 
261 300 266 
257 252 266 
Total psi 
deviation 
from 255- 
psi nominal 
sensing 
pressure 
Additional psi 
pressure drop, 
~p introduced 
at “out“ port 
45 
145 
Sensing pressure, psi 
Controller Controller Controller Controller 
1 2 3 4 
254 257 251 258 
256 241 249 259 
-6 
-4  
+1 
- 1  
+4 
+3 
-16 
$2 
1 I 1 1 I 
I 
~ ~~ ~~ ~ 
Note These tests were performed using the test setup shown in  Fig 7 .  
‘Controller 3 foiled before data could be obtained. 
Note: These tests were performed using the test setup shown in  Fig. 7. 
Total psi 
deviation 
from the 
nominal 255- 
psi sensing 
pressure 
‘Controller 3 failed before data could be obtained. 
Note: These tests were performed using the test setup shown in Fig. 7. 
8 
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V. CONTROLLER 2 
A. Description* 
Figure 8 is an external view of controller 2. Figure 9 
shows the parts and Fig. 4 is a cross-sectional drawing 
of controller 2. 
This controller utilizes a pressure-balanced knife edge 
seat. The pintle, which contains the knife edge, is made 
of heat-treated 17-7 PH CRES and is suspended on three 
0.003-in.-thick, rubber-backed soft aluminum diaphragms. 
The rubber backing (%z-in.-thick rubber washer) is to 
prolong diaphragm life by reducing creasing during flex- 
ure. The pintle is spring-opened (Belleville spring pack- 
age) and is closed by sensing pressure. Both ends of the 
internal seat cavity and one end of the sensing port 
chamber are sealed by the pintle suspension diaphragms. 
The diaphragms are free to flex axially on an unclamped 
annulus of %-in. radial width. Pressure balance (to assure 
that upstream or downstream pressure variations have no 
effect on pintle movement) is achieved by making the 
"The general operation common to all four generant controllers is 
described in Section 11. Table 1 gives drawing numbers, seat diam- 
eters and materials, etc., for each controller. 
knife edge seat diameter identical to the effective diam- 
eter of the diaphragms. The knife edge seats against a 
flat gold-plated surface of the 6061-T6 aluminum alloy 
housing. A 0.0005-in. layer of nickel was applied to the 
aluminum surface by the Kanigen process prior to the ap- 
plication of a 0.001/0.002-in. layer of gold plating. The 
purpose of the gold plating is to provide a soft sealing 
surface to contact the knife edge so that shutoff can be 
obtained with minimum force. The space between the 
sensing chamber and the flow chamber diaphragms is 
vented to atmosphere. The Belleville spring package is 
adjusted by a central set screw that bears against a steel 
ball embedded in the knife edge assembly. 
B. Performance 
The force to flex the diaphragms was higher than had 
been anticipated. 
The controller was tested in the setup shown sche- 
matically in Fig. 7. The results of these tests are recorded 
in Tables 2-7. An explanation of the tables and comments 
on the controller characteristics are included in Section 
VIII. 
I I 
INCWES 
Fig. 8. Generant controller 2 
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Fig. 9. Generant controller 2 parts 
VI. CONTROLLER 3 
A. Description* 
Figurc 10 is an external vivw of controller 3. Figure 11 
shows the parts and Fig. 1 is a cross-sectional drawing 
of controller 3. 
This is an all-metal. pressure-l)alnncrd controllcr with 
the knife edge seat. The pintle, which contains the knife 
*The general operation coninion to all four generant controllers is 
described in Section 11. Table 1 gives drawing numbers, seat diam- 
eters and materials, etc., for each controller. 
c~lgc ,  is made  of hcat-treated 17-7 PH CRES. The 6061-T6 
aluminum alIoy housing contains a flat gold-plated sur- 
facv which engages the knife edge. The gold-plated seat 
is designed to assure tight shutoff with a minimum seat- 
ing force. The pintle is suspended on two rings. One ring 
is integral with the pintle and the other ring is integral 
\\.it11 the housing. The suspension rings are gold-plated 
to serve as gaskets when the unit is bolted together. The 
inner and outer peripheries of the rings are machined to 
be thin as possible and yet be able to safely sustain the 
proof pressure shear stress. The midpoint of the ring 
1 0  
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annulus is thickened to carry the bending load during 
proof testing. The spring rate of the suspension rings is 
very high but because of the large seat diameter, the 
required axial travel is very small. The ring, which is 
Fig. 10. Generant controller 3 
integral with the pintle, is a barrier between the sensing 
cavity pressure and the seat cavity pressure. 
Pressure balance is achieved by making the effective 
diameter of the suspension rings identical to that of the 
knife edge. 
The pintle is spring-opened (cluster of three helical 
compression springs) and is closed by sensing pressure. 
The spring cluster is self-aligned with a steel ball at each 
end and is adjusted by means of a set screw in the spring 
housing cap. 
B. Performume 
The controller was tested in the set-up shown sche- 
matically in Fig. 7. The results of these tests are recorded 
in Tables 2-5. An explanation of the tables and comments 
on the controller characteristics are included in Section 
VIII. 
Two units were tested. No data were obtained on the 
first unit because of damage to the seat by contamination 
Fig. 1 1. Generant controller 3 parts 
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and rupture of a suspension ring. A suspension ring rup- 
tured on the second unit before all the data could be 
obtained, which accounts for the blank spaces in Tables 
6 and 7. 
The  suspension ring rupture  was probably accel- 
erated by seat vibration, which was intermittently present. 
Some evidence of erosion of the gold plating in the seat 
area was noticed. 
VII. CONTROLLER 4 
A.  Description* 
Figure 12 is an external view of controller 4. Figure 13 
shows the parts and Fig. 14 is a cross-sectional drawing 
of controller 4 with the ball pushed on the seat. Figure 
2 is a cross-sectional drawing of controller 4 with the 
ball pushed off the seat. 
This is an all-metal (except seat ball), pressure-balanced 
controller with a lxill seat. A %in. ceramic ball is posi- 
tioned on a ','i-in.-tliam seat by an external yoke. A Belle- 
ville spring package bears against one face of the yoke 
to holtl the seat I d  in  the open position. The opposite 
fact of the yoke is the sensing port position which closes 
the seat ball when sensing pressure exceeds spring pres- 
sure. The sensing piston is sealed by a metal diaphragm 
which is supported by a backup ring. 
*The general operation coninion to all four generant controllers is 
described in Section 11. Table 1 gives drawing numbers, seat diam- 
eters and materials, etc., for each controller. 
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Fig. 12. Generant controller 4 
The yoke consists of two stemmed pistons separated 
by three posts. The stems face toward each other and 
extend inward to support the backup rings and dia- 
phragms which seal each end of the flow cavity. The ball 
seat is axially in line between the sealing diaphragms 
and is the same diameter as the effective diameter of the 
backup rings. Because the backup ring and seat areas are 
equal, variations in the upstream or downstream pres- 
sures do not tend to move the yoke. 
The three backup rings not only support their respective 
diaphragms but also support and guide the axial travel 
of the yoke. The yoke operates between built-in stops. 
The backup rings function as a plurality of annular pivots 
thereby eliminating yoke journal friction. 
The seat ball is positioned by a member piloted in the 
flow passage. The member is axially moved by the dia- 
phragm and yoke. 
The ball-positioning arrangements have been tested. 
Originally the ball was pushed off the seat by upstream 
flow and pushed on the seat by sensing pressure. The 
second arrangement, which requires installing the con- 
troller for flow in the reverse direction, was made so the 
ball would be pushed off the seat with a loose plunger 
and lowered onto the seat for closure. 
The six 10-32, housing bolts are torqued to 25 in.-lb. 
The eighteen 6-32, sensing cap bolts are torqued to 15 
in.-lb. Bolt heads and threads are  lubricated with 
Apiezon L grease. 
The housing and internal ball actuation parts are ma- 
chined from 17-7 PH CRES and are heat-treated. The 
seat, which is integral with the housing, is diamond- 
lapped to conform to the seat ball. For hydrazine com- 
patibility, the sensing port cap is made from 6061-T6 
aluminum alloy. The yoke and other external parts are 
~ 
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Fig. 13. Generant controller 4 parts 
SENSING PRESSURE 
SENSING DIAPHRAGM 7 r AND PISTON BACKUP R I N G 7  
Fig. 14. Generant controller 4 cross section 
(ball pushed on seat) 
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machined from 7075-T6 aluminum alloy to provide 
strength, and particularly adequate compressive strength 
where the backup rings bear on the support annuli. 
1. Type With Ball Pushed On Seat 
In this version, shown in Fig. 14, the ball is located on 
the outlet side of the seat. To cause closure, the ball is 
pushed on its seat by a metal cap placed between the ball 
and the outlet diaphragm. Force for throttling or closure 
is applied to the ball through the diaphragm by the stem 
of the sensing pressure piston which is part of the actu- 
ated yoke. 
A disadvantage to this arrangement is that excessive 
pressure applied to the sensing port would damage the 
controller by collapsing the external stem that seats the 
ball. Seat leakage during prolonged lockup could cause 
this destructive excess sensing port pressure. 
2. Type With Ball Pushed Off Seat 
In this version, the ball is located on the inlet side of 
the seat, as shown in Fig. 2. Upstream pressure tends to 
seat the ball. To assemble this model, the ball cap is 
removed and replaced with a 300 series CRES star spring 
to hold the ball on the seat. A hardened 17-7 PH CRES 
column with centering fins at both cnds is placed in the 
seat outlet bore. The column extends from the bottom 
side of the ball to the outlet diaphragm. Spring-induced 
yoke movement unseats the ball by applying a force to 
the external stem which transmits that force through the 
diaphragm to the internal finned column which lifts the 
ball from its seat. Excess sensing port pressure buildup 
continues to retract the finned column after the ball has 
seated until the yoke engages its stop. 
The advantage of this arrangement is that full up- 
stream pressure can be applied to the sensing port without 
damage to the parts. The force required to push the ball 
off the seat, while it is under pressure, is the maximum 
load that can be applied to the ball. Thus, shock loading 
cannot harm thc, controller. 
A possible disadvantagc is the location of the finned 
column, which is directly in the flow stream. Since the 
ball is lifted off the seat only about 0.004 in., the restric- 
tion is at the seat and the additional 9’ caused by the 
finned column is negligible. 
B. Performance 
Both types (ball piished 011 scat and ball ptislied off 
seat) were tc,stcd in the setup shown sclicmatically in 
Fig. 7. There was 110 difference in pcirformance between 
the tn7o types. Because of thc frwdom from damage in 
I 200/300 D s i  REGULATED 
FLOWMETER 
0 X-Y PLOTTER 
500 psi 
FULL 
SCALE 
SET FOR 16 Ib/sec 3/8-in. THROTTLE 
0.139 Ib/sec MAX H 2 0  NORMALLY OPEN AND FLOW 
FLOW H 2 0  FLOW SOLENOID VALVE CONTROL 
VALVE 
NOTES: 
( 1 )  HAND START: OPEN BALL VALVE 
(2) SOLENOID START: ENERGIZE 
SOLENOID; OPEN BALL VALVE; 
DE-ENERGIZE SOLENOID, TO START. 
( 3 )  LINES TO BE 114 UNLESS NOTED 
’ 3/4- in. CROSS 
H 2 0  
I* $- 
1500 psi 
MAX. SHUTOFF 133 psi AP 
VALVE AT 0.139 Ib/sec 
H 2 0  FLOW 
Fig. 15. Generant controller test setup for variable flow rate and simulated ullage runs 
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200 
150- 
I O 0  
case of inadvertent overpressurization of the sensing port 
in the pushed-off type, the pushed-on type was reworked 
to the pushed-off type. Typical results of the above tests 
are recorded in Tables 2-7. 
This latter type of controller was also tested in the 
setup shown schematically in Fig. 15. Results of these 
tests, which simulate tank expulsion under various con- 
ditions, are shown on the X-Y plots of Figs. 16-19. 
SERIAL No.1. 
CYCLED FLOW RATE 0.1 39 I b/sec H20. 
ULLAGE I l i ter.  
SOLENOID VALVE CYCLED. 
RUN STARTED FROM LOCKUP. 
MARCH 16, 1965. 
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Fig. 16. Generant controller 4 blowdown run simulating cycled downstream tank expulsion. l o w  ullage and low flow 
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Fig. 17. Generant controller 4 blowdown run simulating cycled downstream tank expulsion. l o w  ullage and high flow 
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SERIAL No. I. 
CYCLED FLOW RATE 0.01 Iblsec H20. 
ULLAGE 15 l i ters .  
SOLENOID VALVE CYCLED. 
RUN STARTED FROM LOCKUP, 
MARCH 16, 1965. 
I500 1200 900 600 3 00 
300 
250 
200 
I5C 
I oc 
SERIAL No.1. 
CYCLED FLOW RATE 0. I39 I blsec H 2 0  a 
ULLAGE 15 liters. 
SOLENOID VALVE CYCLED. 
RUN STARTED FROMLOCKUP. 
MARCH 16, 1965. 
10 I 2 0 0  900 600 300 
UPSTREAM PRESSURE, psi 
Fig. 19. Generant controller 4 blowdown run simulating cycled downstream tank expulsion. 
High ullage and high flow 
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Figure 20 is the X-Y plot of a typical blowdown run in 
the test setup of Fig. 7 .  Pressure regulation is within 
0.75 psi, from 1350-psi upstream pressure to tailoff. 
In addition, two controllers were prepared for use in 
the Mariner '66 Feasibility Study (see Appendix). Be- 
cause the Mariner flow requirement was 59% greater 
than the maximum ALPS flow rate, the Mariner seat was 
enlarged to 0.344-in. diameter to receive a 0.500-in. ball 
(ALPS had a 0.250-in. seat and a 0.375-in. ball). Regula- 
tion, during hot firing blowdown tests, was within 1 psi. 
Explanation of the Tables and Figures and comments on 
the controller characteristics are included in Section VIII. 
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SERIAL No 4. 
SPRING SETTING 0.177. 
FLOW RATE 0.10 Ib/sec H20. 
3/8- in .  BALL  PUSHED OFF SEAT. 
STAINLESS STEEL INTERNAL COLUMN. 
35"G"  SERIES SPRINGS (17 AND 18 SPRING 
UNITS PLACED 0.005 OUT OF PHASE). 
RUN STARTED FROM LOCKUP. 
MARCH I ,  1965. 
UPSTREAM PRESSURE, psi 
Fig. 20. Typical generant controller 4 blowdown run as recorded on X-Y plotter 
VIII. TEST RESULT S U M M A R Y  OF G E N E R A N T  CONTROLLERS 
All tests, with exception of the proof test, the external 
leak test, and some of the flow tests, were conducted 
with nominal 5-p-filtered distilled water. Water contami- 
nation problems, which were in evidence during the early 
phase of the testing, were solved as the tests progressed. 
Controller 4 is superior to the others from a standpoint 
of control accuracy, durability, and ease of servicing. 
Among the knife edge seat group, controller 1 was better 
than controller 2 or 3. Controller 3 failed before pre- 
liminary tests could be completed but the ruptured sup- 
port ring, which caused the failure, was the forerunner 
of the highly successful backup ring used in controller 4. 
No attempt w a s  made to secure leak-tight lockup of 
controllers 1, 2, and 3 because of early contamination 
damage to the seats and because even if good lockup 
were obtained, operating accuracy was not satisfactory. 
Controller 1 is capable of good lockup but satisfactory 
lockup of controllers 2 and 3 would be very difficult to 
obtain because of the large-diameter seats. The knife 
edge seats were susceptible to contamination damage. 
Using water as the test medium, the ball seat propel- 
lant leakage of controller 4 was less than the allowable 
0.1 cm:'/hr at 1500 psi. Tests have been recorded during 
which water leakage became undetectable after the 
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initial fifteen minutes of slight seepage. This 17-7 PH seat 
has endured many test runs without any appreciable 
degradation. 
During testing in the setup of Fig. 7, all four con- 
trollers exhibited a high frequency vibration or squeal at 
various points in the flow range. With the knife edge 
regulators (1, 2, 3), the tendency to vibrate was least in 
1 and greatest in 3, thus indicating vibration tendency 
in proportion to seat diameter. 
To combat this vibration, a No. 80 (0.0135-in.-diam) 
orifice was installed at the entrance to the sensing port 
of controller 3. The orifice was too large to be effective. A 
needle bleed valve was placed in series with the orifice 
and flow was throttled until the vibration ceased. This 
hydraulic damping was effective but the equivalent ori- 
fice was exceedingly small. The needle valve was re- 
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CONTROLLER I 
moved from the line and calibrated. For reference, the 
water flow rate through the valve at  the setting that 
eliminated squeal was 0.0011 lb/sec at 250-psi AP. 
Controller 4 tended to vibrate at low flow when up- 
stream pressure exceeded 1200 psi. A No. 78 (0.016-in.- 
diam) orifice placed in the sensing port reduced but did 
not eliminate the seat squeal. When controller 4 was 
tested in the setup of Fig. 15 (simulated ullage runs), the 
vibration completely disappeared and did not reappear 
when the No. 78 orifice was removed. This sequel is 
associated with the peculiarities of the test setup. 
No problems were experienced during the nitrogen- 
proof and external leak testing of the controllers. 
The flow rate versus sensing pressure data of Tables 
2 and 3 and the outlet AP versus sensing pressure data of 
TABLE NUMBERS 
TABLE NUMBERS REFER - 
TO TABLES IN TEXT 
CONTROLLER 2 CONTROLLER 3 CONTROLLER 4 
Fig. 21. Composite of Tables 2-7 showing comparative generant controller deviation from nominal setting 
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Tables 4-7 were obtained from tests conducted with all 
four controllers in the test setup of Fig. 7. All the above 
tests were conducted with valves F and G (Fig. 7) open, 
and valve E was used to control the stepped flow rate. 
Data from Tables 2 and 3 were obtained with valves D 
wide open. The AP of Tables 4-7 was obtained by throt- 
tling valves D to give the desired increased pressure on 
gage B. This AP simulates the variation in system pres- 
sure drop that is anticipated during a hot run and also 
indicates how well the controller is pressure-balanced. 
All sensing port pressures were obtained by visual read- 
ing of gage C. The deviation from nominal sensing pres- 
sure of each controller is listed at the bottom of each table 
and gives an indication of the relative controller sensitivity. 
Figure 21 is a visual composite of Tables 2-7 showing 
comparative deviation of each of the four controllers 
from the nominal sensing pressure setting. 
Only controller 4 was tested in the Fig. 15 test setup 
for simulated ullage runs. The purpose of the Fig. 15 test 
setup is to provide an ullage system scaled so that the 
time required for the controller, at full flow of water, to 
produce a given pressure change within the ullage will 
be identical to the time required for the controller, dur- 
ing a hot run at  full liquid flow, to generate the gas to 
produce the same pressure change in the ullage of the 
full-scale ALPS propellant tank. 
Using the setup shown in Fig. 15, nitrogen ullage was 
pressurized to the controller regulated pressure and then 
the shutoff valve was opened and the controller was al- 
lowed to lockup. The run could be started either manu- 
ally (ball valve) or electrically (solenoid valve). The valve 
downstream of the flow meter serves as a flow limiter and 
the flow rate is set by the throttle and flow control valve. 
The valve at the controller “out” port is set to simulate 
the injector AP. The nitrogen ullage volume can be set 
anywhere between 1 and 15 liters to simulate the full- 
scale tank range from full to empty. 
Figures 16-19 are X-Y plotter records from tests which 
simulate variable expulsion under conditions of full tank 
(low ullage) with high and low flow and nearly empty 
tank (high ullage) with high and low flow. Variable ex- 
pulsion was simulated by a solenoid valve cycling the 
flow from the tank with the same frequency as is required 
for tank pressure equilibrium to be reached after each 
flow actuation. The upstream tank pressurization nota- 
tion on Figs. 16-19 refers to the controller water supply 
system (not shown) which is tailored to equalize the time 
required for the blowdown run at high and low flow. The 
circles on the high-flow plots (Figs. 17 and 19) were re- 
corded when flow was started or stopped; they are caused 
by a combination of water hammer and pressures equal- 
izing in the circuit. These tests (Figs. 16-19) were con- 
ducted with the upstream filter removed. In earlier tests 
with the filter installed, the added pressure drop caused 
the actuation circles to elongate into rectangles on the 
upstream pressure axis. However, the sensing pressure 
axis was unchanged. 
When flow is started from lockup, the controller re- 
mains closed and the flow is supplied by water in the 
tank which is expelled by the ullage pressure. When 
ullage pressure drops, the controller opens and replaces 
the water in the tank while maintaining the flow through 
the metering section until lockup. The cycle of first the 
tank and then the controller furnishing the flow continues 
throughout the run. During a variable flow blowdown 
run, sensing pressure varies about 5 psi at low flow and 
about 10 psi at high flow. 
The solenoid-actuated runs of Figs. 16-19 were also 
conducted with hand valve actuation. The X-Y plots for 
solenoid and for hand valve actuation were identical. 
. 
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IX. DEVELOPMENT OF MACHINE ELEMENTS LEADING TO 
THE CONTROLLER 4 CONFIGURATION 
Several of the machine elements utilized in generant 
controller 4 were developed separately. These ALPS de- 
velopments are of interest for components other than 
controllers. For example, a Belleville spring package and 
a backup ring were used in the Ranger and Mariner mid- 
course propulsion-system gas-pressure regulators. Four 
of these machine elements are discussed in this Section. 
A. Belleville Spring Package 
1. Belleville Spring Characteristics 
A Belleville spring is a ring stamped from sheet mate- 
rial and is dished to the shape of a shallow cone. It is 
used in applications where deflections are small. By stack- 
ing them in parallel, high load capacity can be attained. 
The spring is deflected by pressing it through the flat 
position to a conical position in the opposite direction 
while being supported at the inner and outer peripheries. 
The load-vs-deflection curve is dependent upon the cone 
angle. When H / T  (axial height of dish-vs-material thick- 
ness) is 1.5, there is a flat spot in the upward sweep of 
the load-vs-deflection curve such that the load remains 
constant while deflection continues. When H / T  is greater 
than 1.5, the upward sweep of the load-vs-deflection 
curve rounds over and proceeds downward before re- 
suming the upward trend. It is operation along this nega- 
tive or back slope (Fig. 22) of the curve that produces the 
best range for giving the flattest regulation to generant 
controllers. 
SEAT CLOSED 
t 
0 
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DEFLECTION --C 
Fig. 22. Typical and nominal Belleville spring 
for generan t controller 
by inserting a shaft through the inside segments and by 
placing the entire package of 20 springs into a bored 
housing. 
2. Friction or Hysteresis Reduction 
The original spring package consisted of 20 Belleville 
springs stacked in parallel and centered on the OD by a 
sleeve and on the I D  by a shaft. In order to reduce the 
friction, the springs were separated by rings rolled from 
round music wire. It was found that hysteresis was exces- 
sive because of high bearing loads, which resulted from 
the additive loads of each spring being carried through 
the wire rings. 
To assure that each spring carries only its own load, a 
tube was bored with shallow grooves to support and 
space the OD of the spring. In a similar manner a smaller 
tube was grooved on the O D  to support and space the ID 
of the spring. For assembly, the sleeves were split axially 
into several segments to permit insertion of the springs. 
The segments were maintained in position on the springs 
This spring package (Fig. 13) reduced the hysteresis 
to an acceptable level. Two or more spring packages can 
be placed in parallel (end to end) to provide higher loads. 
3. Controlling Characteristics of 
Load-vs-Deflection Curve 
The Belleville springs used in the generant controller 
are made from a standard AIS1 6150 alloy steel spring 
which is nominally 1.56-in. OD X 1.00-in. I D  and is 
stamped from 0.020-in.-thick steel sheet and dishcd 0.030 
in. (0.050-in. total height). 
The spring cone angle can be changed by clainping 
the spring on a mandrel to the desircd angle and reheat- 
treating, quenching and drawing while in the clamped 
position. Reducing the angle lowers the spring force and 
decreases or eliminates the back slope. Increasing the 
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angle raises the spring force and steepens the backslope 
of the load-vs-deflection curve. 
The bore and OD of all springs are sized by grinding 
to provide closer tolerances and concentricities. The 
springs are then barrel-tumbled to break the sharp edges 
and are silver-plated to assist dry lubrication and to re- 
sist corrosion. The grooves of the segments that support 
the springs are dry-lubed with a 0.0003-in. coating which 
consists of powdered molybdenum disulfide in a phenolic 
binder. 
Even though the springs from a batch appear to be 
identical, the load-vs-deflection curve for each spring is 
different (Figs. 23 and 24). A spring package prepared 
from a matched set of individual springs will have the 
identical load-vs-deflection curve as the individual spring 
if the load scale on the plotter is changed to give the 
same height. The steepness of the back slope can be 
reduced by random mixing of the springs comprising the 
package or by using an inside or outside spacer between 
two matched sets in parallel so that one set picks up the 
load before the other (Fig. 25). 
4. Trend of Future Development 
By actual measurement, the OD increases 0.0033 in. 
and the ID decreases 0.0033 in. when the spring is de- 
flected through its flat position. This radial growth pro- 
duces sliding friction between the springs and the holder 
and accounts for much of the hysteresis. If the spring is 
supported on long flexible columns (every 90 deg on both 
OD and ID), the friction is removed elastically. This 
method of support is used in obtaining the load-vs- 
deflection curve for each individual spring. 
Future developments will be in the direction of apply- 
ing the four-point suspension principle to the spring 
package fur the purpose of furthcr reducing hysteresis. 
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Fig. 23. Typical variation of load vs deflection for Belleville springs 
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B. Backup Ring 
1. Definition and Description 
The backup ring (Fig. 13) serves the dual function of 
radially supporting a central reciprocating member and 
supplying the structural backing for a diaphragm placed 
across the face of the reciprocating member. 
The backup ring is placed in the annular gap between 
the stationary and the reciprocating members. The ring 
face is flush with the faces of the adjacent members and 
is supported on narrow lands produced by machining a 
step in each mating member. The ring is radially slit to 
form a plurality of pie-shaped segments. The segments 
are joined together at the ID by a very shallow band 
formed by controlling the slitting depth. The diaphragm 
is statically sealed by being clamped at  its outer pe- 
riphery to the stationary member. The slitting enables 
the ring to assume a conical shape with the application 
of very little force. Thus each segment of the backup is 
able to flex with the reciprocating member. 
2. Design 
The backup ring cross section is contoured with the 
intent of obtaining uniform stress distribution. The annuli 
of support (inner and outer peripheries) of the ring are 
thinned to carry the load in shear. The center section is 
thickened to sustain the bending load. The rings have 
been machined from 7075-T6 aluminum alloy. 
The effective area is critical when a backup ring is 
used to create a force balance. This area is defined as the 
area which, if uniformly loaded by a unit pressure, would 
exert the identical total force as the moving backup ring 
and piston configuration would exert when subjected to 
the same unit pressure (Fig. 26). 
The center-of-gravity computation for the backup ring 
sector (Fig. 27) is 
(R3  - r 3 )  sin a 
(E2 - r Z )  a b = 38.197 
( R 3  - T')  b = 38.197 ( (R2 - r Z )  ) 0.0174533 
I* = UNIT PRESSURE 
F =  y (EFFECTIVE AREA) 
F = TOTAL FORCE 
Fig. 26. Definition of backup ring effective area 
z =  b - r  
Fig. 27. Center of gravity computation for 
backup ring sector 
The backup ring summation of moments (Fig. 28) is 
By using the center of gravity and summation of moments, 
the effective backup-ring diameter can be shown to be 
DE = 2 dR2 - ?(E + T )  (1) 
from which the effective area is 
A, = T [ R 2  - T ( R  + T ) ]  (2) 
Fig. 28. Backup ring summation of moments 
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where 
D, = effective diameter 
A, = effectivearea 
R = outside radius 
r = inside radius 
i = radial distance from ID of backup 
ring to sector CG 
The following forms of Eq. (1) are more convenient for 
sizing the backup ring: 
and 
For the special case when r = 0, the values o f f  arid R 
are given below. 
From Fig. 27, 
E = b - r  
2 R 3 -  =.-( - - r  
W h e n r = O ,  
From Eq. (3), 
By placing r inside the brackets, 
= 63 d m -  0.5r  2 
When r = 0, - 
R = -D& d3 
2 
3. Multiple-Piece Unit 
Rexible if the peripherial diameter is relatively large. 
The one-piece ring previously described is sufficiently 
Small-diameter rings are excessively stiff. To overcome 
this objection, each segment is scribed with an identify- 
ing letter and the joining web of each segment is broken. 
To facilitate final assembly in the controller, the segments 
are bonded together in the following manner. The seg- 
ments are assembled in order in a jig. Self-vulcanizing 
rubber paste is applied to the back surface of the seg- 
ments, so that after curing, the rubber-bonded ring can 
be removed from the jig in one piece. The rubber-bonded 
backup ring results in a unit of maximum flexibility. 
4. Journal Friction Elimination 
For small amounts of travel, a backup ring provides a 
very low spring rate support that is nearly friction-free. 
Each backup-ring segment acts as an individual toggle 
in providing radial support that is immune to seizure. 
While not absolutely necessary, lubrication is applied to 
the support annuli to reduce wear and friction to a mini- 
mum. 
5. Pressure 
A 7075-T6 aluminum alloy backup ring, which was 
seated in 6061-T6 aluminum alloy support annuli and 
which was covered by a 0.003-in.-thick 1100-0 aluminum 
diaphragm, has been proofed to 5400 psi without damage. 
6. Trend of Future Development 
Reduction of hysteresis will be the objective of future 
development. There are three ways, which could be used 
separately or together, presently apparent for reducing 
backup-ring friction. 
One method is to make the ring from a high-strength 
material so that the thickness at the support annuli could 
be reduced. During flexure this would reduce the ampli- 
tude of frictional contact with the covering diaphragm 
at the support annuli. 
Another method is to provide an elastic outer support 
annulus (such as a rectangular column for each ring seg- 
ment) to eliminate the radial sliding of the segments in 
the support annulus during flexure. 
The third method is to harden the support annuli 
bearing areas and the backup ring so that the bearing 
area can be reduced. This reduction in area is reflected 
in a narrower support annulus which results in a reduced 
effective diameter shift during flexure. Hardened surfaces 
in contact also tend to reduce friction and wear. 
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C. Metul Diuphrugrns 
1. Aluminum 
The original diaphragms were made of 0.003-in.-thick 
1100-0 aluminum sheet. The reason for using soft alumi- 
num was threefold. Firstly, soft aluminum eliminated the 
need for a separate gasket because it is soft enough to 
form a good seal in compression, Secondly, pure aluminum 
was compatible with propellants and with water. Thirdly, 
soft aluminum could best resist flexure beyond the yield 
point which occurs in the diaphragm where it overlays 
the support annuli of the backup ring. 
The use of aluminum for diaphragms was abandoned 
because of the development of pinhole leaks during water 
tests. The cause was believed to be galvanic action orig- 
inating with foreign particles embedded in the diaphragm 
surface. The edges of the pinholes were always black. 
2. Stainless Steel 
The present diaphragms (Fig. 13) are made from 0.001- 
in.-thick Type 302 stainless steel shim stock. Because of 
the greater strength of this hard-rolled material, the 
thickness was reduced over that previously used. The 
thin material is adequate to span the unsupported slots 
in the backup ring and is better able to withstand flexure. 
Soft aluminum gaskets, cut from 0.003-in.-thick aluminum 
sheet, are used to seal the diaphragm periphery. Sincc 
steel is further down the electromotive list than alumi- 
num, no diaphragm corrosion problem exists. 
3. Backup Disc 
Diaphriigm life has been greatly extended by placing 
a O.OOl-in.-thick stainless steel shim stock backup disc 
between the backup ring and the diaphragm. The backup 
disc is free-floating and is slightly larger in diameter than 
the OD of the backup ring. 
4. Lubrication 
A light film of Apiezon I, grcme is applied to both sides 
of the gaskets, backup discs, and diaphragms. 
Giiskrts ciin lw re-uscd Init slioilld be 1iil)ricated before 
each iise. 
D. Bull and Seat 
1. Ball 
Sapphire or ceramic balls were selected in place of 
steel balls because of their light weight, corrosion re- 
sistance, compatability wit1 propellants, extreme surface 
hardness, and availability with high spherical accuracy 
and fine surface finish. For this application, balls having 
a spherical accuracy of 0.000025 in. and a surface finish 
of 1 pin. RMS were selected. 
A ball is prepared for service by rubbing the ball on a 
rubber mat with a block of Xlicarta. The hgicarta is 
dimpled to retain the ball and silver polish is applied to 
the mat. This scrubbing action cleans the ball and re- 
moves any metal pickup that might be gained on the 
surface. 
A light film of Teflon is applied to the ball by using a 
dimpled block of Teflon to rub the ball in a circular 
motion on a clean piece of paper. 
The ball is half-submergcd in alcohol and sable-brushed 
to remove lint. The ball is transferred while still wet, 
with tweezers. to its final resting place on the seat. 
2. Diamond Laps 
The laps for preparing the seats are made by rolling 
a steel ball (same size a s  seat ball) between two sintered 
carbide plates on which the diamond compound has 
been spread. After diamond impregnating, the ball is 
soft-soldered to ;I brass handle. The diamond compound 
for the roughing lap is 15p and 1p for the finishing lap. 
3. Seat Preparation 
The seat is rough-liippc.d, using the laps prepared as 
above, to form a 0.ODS-in. land using way oil as a lubri- 
cant. The land is smoothed using the finishing lap and 
way-lube or kerosene ;is a lubricant. 
After cleaning the seat, a light film of Apiezon L grease 
is transferred to the seat by contact with a lightly lubed 
ball cemented to ;I handle. The seat is thcw ready to 
receive the seat ball. 
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X. CONCLUSIONS 
For a straight blowdown run at a constant flow rate, 
friction in the controller is not critical because ball travel 
is in the same direction throughout the run and friction 
is essentially constant. For this class of service, the 
present state of development of controller 4 is adequate. 
For the ALPS application, which requires a variable 
flow rate, controller friction is critical because the seat 
ball actuation yoke reciprocates during regulation and 
each change in direction is resisted by the controller 
friction. The friction present in controller 4 causes a 5- to 
10-psi regulation variation during a variable flow rate 
blowdown run. 
The Belleville spring package and the backup ring are 
two areas in the controller where friction could be re- 
duced. Suggestions for reducing friction in these areas 
are included in Sections IX-A4 and IX-B6 above. Modify- 
ing the controller per these suggestions should narrow 
the regulated pressure band. A third source of friction 
is the flexing of the diaphragms and of the backup discs. 
Since this flexing is beyond the elastic limit, the energy 
loss is not recoverable. 
APPENDIX 
Two Applications of the Generant Controllers 
The generant controllers described in this Report were 
developed for use in systems in which a variable-pressure 
liquid supply must be metered to obtain a constant pres- 
sure in some downstream portion of the system. 
One such system is the Advanced Liquid Propulsion 
System (ALPS) shown schematically in Fig. A-1 and 
Refs. 1 and 2. In this case the desired constant pressure 
is the propellant tank pressure. The propellant tank is 
pressurized by gases produced by decomposing hydrazine 
in a reactor called a gas generator. Hydrazine is supplied 
to the gas generator from a small auxiliary tank which 
operates on the “blowdown” principle (explained below); 
i.e., the hydrazine source pressure is variable. The flow 
of hydrazine from this variable pressure source is metered 
by the generant controller so that a constant pressure is 
maintained in the propellant tank. 
In the ALPS, the rate of generant (hydrazine) flow is 
not necessarily constant. Variations occur for several rea- 
sons but primarily because the rate at which propellants 
are withdrawn from the main tank is modulated as the 
rocket engine which consumes these propellants is 
throttled by flow control valves in the injector. Thus, to 
keep a constant pressure in the propellant tank, the rate 
a t  which pressurizing gases are generated must be prop- 
erly varied. 
As mentioned above, this task of metering the generant 
flow is performed by the generant controller which, in 
this case, acts essentially as a remote sensing regulator. 
As in all mechanical pressure regulators, the force pro- 
duced by the sensed pressure (propellant tank pressure) 
is compared with a reference force (produced by an 
adjustable spring). When these two forces do not balance, 
the controller alters the flow rate. Flow rate is increased 
if the sensing pressure force is low compared with the 
reference force, and it is decreased if the sensing pressure 
force is the greater. The detailed mechanics of this oper- 
ation are described in the body of the report. 
The flow rate through the generant controller must be 
independent of the source pressure because of the “blow- 
down” principle employed in the generant storage tank. 
To achieve proper blowdown operation, the small tank 
is partially filled with liquid and then the remaining 
volume is pressurized with an inert gas to a moderately 
high pressure. As the system operates and liquid is with- 
drawn, the pressure decays because of the expansion of 
the gas into the volume vacated by the liquid. Because 
no additional gas is added after initial pressurization, the 
pressure varies considerably; for the ratio of liquid volume 
to gas volume chosen for the ALPS, the maximum initial 
pressure of 1500 psi may be reduced to a minimum of 
only 500 psi as the last of the liquid is withdrawn. 
* 
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EXCHANGERS 
GENERATOR 
N-HEAD INJECTOR 
HEAT SHIELD 
Fig. A-1. Schematic diagram of ALPS 
FILL 
MANUAL MANUAL 
FILL VALVE 
A t  this writing, tests of the ALPS pressurization circuit 
are being made. Initial indications are that the generant 
controller performs as expected. Reports on these tests 
will appear in the JPL Space Programs Summaries, Vol. 
IV, No. 37-35 
This same blowdown operating principle has been ap- 
plied to a small monopropellant rocket system which was 
tested a s  part of the Mariner '66 program. By using a 
circuit identical to the ALPS gas-generator feed circuit 
and a SO-lb thrust engine (from a Ranger spacecraft) 
packed with a spontaneously ignited hydrazine catalyst, 
it wiis possible to build a system which was considerably 
morc simple than the conventional monopropellant rockets 
now flying in unmanned spacecraft. This application 
requires the propellant to be supplied to the engine a t  a 
constant flow rate and pressure so the engine will produce 
constant thrust. 
REGULATED-LIQUID-PRESSURE-FED CONSTANT-THRUST 
SPACECRAFT PROPULSION SYSTEM, MONOPROPELLANT 
HYDRAZINE (ADVANCED MARINER TYPE, 1966-1969) 
Fig. A-2. Schematic diagram of Mariner '66 system 
In order for the generant controller to deliver a con- 
stant pressure to the engine from a decaying pressure 
source, the controIIer was installed with its sensing pres- 
sure port connected to its outlet port. This system is 
shown in Fig. A-2, With this arrangement the decline in 
source pressure has no effect on the pressure fed to the 
engine since the controller modulatc~s the flow as neces- 
sary to keep the sensed pressure (outlet pressure in this 
instance) constant. Several test firings lasting up to 190 
sec (limit of propellant supply) were made. In each case 
the pressure delivered to the enginc during the steady- 
state operation varied no more than 2% psi. System 
operation was smooth and stable. 
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